This paper is about one of the most important export products in Norway, "Norwegian salmon", focusing especially on the innovation system of aquaculture of salmon and trout in Norway, the aim of the paper is to describe the sector in a national and global context, for thereafter highlight in particular how different aquaculture firms operate and carry out innovation by looking at what kind of external relations and interactive learning processes are involved in innovation, and as such suggesting input to policy makers on how to strengthen the sectoral innovation system, a sector with the potential to become even more knowledge intensive and innovative than today. By differentiating aquaculture according to knowledge base and degree of structured and functionally differentiated organisations, the empirical material presented in this paper shows that aquaculture firms have very different approaches to innovation; from antiinnovation strategies to strategies of being in the fore-front of innovation in the industry. The empirical material has shown that firms with very different innovation systems exists side-by-side and the overall functioning of the sectoral innovation system of aquaculture is influenced by all the different layers of firm types.
Introduction

1
"Norwegian salmon" is probably Norway's best-known export product. It is the main driving force behind the development within the Norwegian aquaculture industry. The value of exported fish and fish products from Norway was about 32 billion NOK in 2005, representing the third largest export category in Norway that year. The export value of aquacultured salmonids 2 accounts for approximately 50 per cent of this total.
As wild capture will decrease slightly in the years to come (FAO 2002 ) the growing demand for seafood must be produced through aquaculture production. The last 20
years, Norway has increased its market share significantly in relation to the total supply of salmon worldwide. Since the early 1970's production of farmed fish has doubled every three years (Berge 2000) .
Today, the aquaculture industry has reached the size and maturity where business can no longer be run efficiently merely by employing the ways and means that have been successful in the past. Moreover, during the last couple of years the Norwegian world market share have diminished, in large part due to competition from other countries like Chile, which has a strong and expanding aquaculture industry. The industry is confronted with a series of new challenges. The strong demand experienced by the industry since its inception is no longer outpacing supply. The firms are increasingly exposed to price pressures. At the same time, customer demands are becoming more differentiated, and not easily addressed by all aquaculture firms.
This paper focuses on the innovation system of aquaculture for salmon and trout in
Norway. The aim of the paper is to describe the sector in a national and global context, and to highlight how different aquaculture firms operate and carry out innovation. The paper discusses the external relations and interactive learning processes that are involved in innovation and describes the sectoral innovation system. The main interest is in how innovation efforts are handled by actors today, in a time where the framework conditions of this global industry are changing significantly. By looking at how various actors use the innovation system differently, the paper provides input to policy makers who seek to strengthen the sectoral innovation system, a sector with the potential to become even more knowledge intensive and innovative than today.
The paper addresses the following main questions:
1. What are the main characteristics of the evolution of aquaculture of salmonids and what characterises the sector in today's global economy?
2. What are the main types of innovation strategies that we currently find among aquaculture firms and what do they tell us about the functioning of the sectoral innovation system?
The outline of the paper is as follows; in section 2 the aquaculture industry is presented, focusing especially on the evolution of the industry and the development of important innovations in the sector. Section 3 gives a short description of important regulations in aquaculture and the interconnections to regional policy. Section 4 presents the aquaculture industry as it is today and places it in a national and global context. Section 5 presents the analysis of the operations of different types of aquaculture firms and how they relate to external actors in their innovation efforts.
The final section 6, summarize key findings and discusses innovation barriers in aquaculture.
The evolution of the aquaculture industry
This section presents the evolution of the aquaculture industry by looking at important actors and important innovations that have formed the industry.
The early years of aquaculture
Commercial farming of salmon and trout in Norway is a relatively young sector, dating back to the 1970s. Nevertheless, experimentation and testing related to feeding, breeding and technology for fish farming has been going on for a longer time among entrepreneurs and scientists at different localities in Norway.
Going back to the early 1930s, a researcher named Rollefsen at the Institute for
Marine Research in Bergen, carried out experiments to find out how captured saltwater fish could survive. One of the cardinal questions was ensuring that the fish (here cod) survived the critical fish larvae stage (Schwach 2000: 223) . He eventually managed to feed the cod larvae with a little crawfish, a breakthrough that set the foundation for marine aquaculture (as opposed to farming of anadromous species as salmon and trout). The experimentation on both hatching and feeding carried out in the 1930s were documented by Rollefsen. He also played an important role as knowledge provider when the interest in salmon escalated at the institute around the late 1960s.
The growth of fish farming was a bottom-up, decentralized process with a centre of gravity in communities dominated by fisheries. The first impulses to aquaculture in
Norway came from Denmark in the 1950s, where farming of trout in dams and lakes where carried out (Schwach 2000:338) . At the same time, several pioneers in Norway experimented with fish farming independently of each other. Much of the farming activities were linked to wild-salmon and trout in rivers and lakes in Norway, where voluntary associations worked to support the natural production of wild salmon.
Developments took place in coastal regions recognised by people sharing a common culture and knowledge and experience from fisheries. These were communities where untraded exchange of knowledge and other resources was part of the values and norms of everyday life (Ørstavik 2004 ).
In 1968, certain pioneers within fish farming approached the Institute for Marine
Research. They needed help to solve problems related to hatchery-produced fish for stocking and combat of diseases. One of the younger researchers at the institute, Dag
Møller, had at that point of time written a masters degree on salmon and had a special interest in population genetic studies. After spending a year in Canada, Møller returned to the institute in 1970. This was the start of a period where activities related to aquaculture of salmon escalated in Norway.
Another important break-through came about in the late 1960s. That was when a salmon farmer conducted successful pilot production with remarkable and far reaching consequences; farming of salmon in sea-water net-pens. This lead to an end to years of trial and error of proper location specifications and technology choices, and to an increased demand for specified costal space (Aarset 1998) . The insight that it was possible to farm rainbow trout in seawater spawned the idea that it ought to be possible to do salmon farming in sea water as an alternative to the farming of trout.
Big market demands for wild salmon and existing distribution and sales systems could secure very good prices for salmon, in Norway as well as internationally (Ørstavik 2004 ).
Another scientist to become important for fish farming was professor Skjervold at the University of Life Science at Ås, who was a specialist in animal husbandry. As a geneticist he was at first engaged to do experiments with fish as species. However, the focus of research in agriculture and marine biology changed from studying fish to analyzing fish as a product in an industry that could develop further with the support from scientists (Schwach 2000:339) .
Even though early experimentations and try-outs among scientists had important consequences for how the industry developed, fish farming of salmon and trout cannot be viewed as "science driven". Fish farming was rather an entrepreneurial experienced-based activity carried out by fishermen along the coastline having both capital and knowledge of fish farming as a sideline activity. Commercial fish farming drew on technology and experience-based knowledge from the fisheries sector. The significance of this transformation is evident when comparing Norwegian aquaculture with Scottish fish farming, an industry that historically has been dominated by large enterprises and external capital (Jakobsen et al. 2003) .
Knowledge of fish farming was accumulated among individuals in distinct communities. The learning process was long. In the 1970s a combination of experience-based knowledge and research based knowledge were used to solve the different biological, physical and chemical problems that arose.
When salmon aquaculture emerged it entered the supply chain of wild-caught fish, and as a consequence utilized many of the prevailing market institutions, product requirements and traditions of the fisheries sector. However, the technological innovations in aquaculture led to a greater degree of control of the production process, which over time moved away from the fisheries (Tveterås and Kvaløy 2004) . From the late 1970s the Norwegian government's objective for salmon farming was smallscale vertical and horizontal integration, mandating also a producer sales cartel similar to those present and protected by law in fisheries and agriculture in many countries (op. cit.). The regulations and institutions only survived until the beginning of the 1990s, where the government removed the laws that protected the sales cartel and prohibited horizontal integration (op. cit.).
Important innovations combining knowledge bases
Innovation is often a result of interactive learning processes between actors, and for aquaculture firms, breed-, feed-vaccination-and technology suppliers are important sources of new knowledge. The supply industry has developed new and better feed, advanced feeding systems, surveillance equipment, health-and veterinary services etc.
In the following sections important innovations in the history of aquaculture will be presented due to their important role within today's innovation system of aquaculture.
They all illustrate how the fish farmers at the beginning had a practical and commercial approach to important inputs to fish farming, but, after a while became more dependent on the involvement of scientific research as well as on adequate policy action. The last paragraph has a short description on related R&D activity today.
Breeding and genetics
With regard to breeding, the problem in the early years was posed as one concerning selection among natural species that were suited for farming. Later efforts were concentrated on scientific breeding programs that focused on the development of different breeds from those found naturally (Aslesen et al. 2002) . One of the most important breakthroughs in breeding of salmon and trout for fish farming was the work of Professor Skjervold at the University of Life Science in the 1970s, who started a breeding scheme for salmon that drew on principles developed for cattle breeding, known as Norsk Rødt Fe (NRF). This was the starting point of a global breeding scheme for salmon, based on relatively advanced knowledge of breeding in other animals.
Today, much of the same knowledge is also used on other/new fish and shellfish species. Norwegian institutions and companies have developed and established the most advanced breeding systems for fish and shellfish world wide, and Norwegian breeding companies are established in the most important salmon farming countries (Olafsen et al. 2006) . The Norwegian research institution AKVAFORSK, has also developed a breeding systems for tilapia (the Philippines) and shrimps (Thailand).
Feed
In the initial stages of fish farming, knowledge from fur-bearing animals (mink) was
used and created what is called wet-feed. During the 1980s dry feed was developed that was much easier to handle and of higher quality. Since the 1980s, Norway has been a centre for research on feed for salmon breeding. Important factors to consider when making fish feed include how to make feed economical, but still nutritious for growth and health, while preventing the remains from polluting the environment, etc.
( Aslesen et al. 2002) . The fish feed industry has carried out intense research efforts in different institutions and venues in order to improve the feed. Today, Norwegian research institutes and universities doing research on feed have a high international standing. From 1996, salmon production was regulated by means of feed quotas, in order to control the growth of the industry. The amount of feed that each fish farmer could purchase annually was set by the Ministry of Fisheries. The aim of the feed quotas was to limit the growth in export to EU, and to maintain a floor on prices.. As a means to reduce production, the feed quotas have been effective, since fish feed is not easily substituted. The feed quotas led to innovations in Norwegian fish feed such that the type of feed used in Norway contains more fat than in other fish producing countries. The feed quotas were abolished in 2005 and the effects of this both on total production and the type of feed used are still to be seen. R&D activity and fish farming even more interconnected.
Nearly 90 % of the global production of fish oil and more than 50 % of the fishmeal produced is consumed by the aqua-feed industry: It is expected that a reduced availability of fish oil caused by over exploitation of species of fish, will be the first limiting factor for the growth of the global aquaculture industry (Olafsen et al. 2006 ).
The Norwegian research community and feed companies have considerable expertise within the development of fish feed, in where working with developing high energy diets for salmon and increased feed utilization have been central (op. cit.).
Health
Sickness and diseases soon emerged as a key problem for the fish farmers. Among the first concerns of scientific research was to find effective remedies against parasites, bacterial and viral infections, deformities etc. (Aslesen et al. 2002) .
During the 80's fish farmers were continuously challenged by diseases and their use of antibiotics rose. It was evident that action was required. In the early years of fish farming the existing research institutes had no or few resources to do research on the mortality in the net cages. There was also limited contact between the research institutions with regard to these problems. Besides, the situation was rather tense between the research institutes and universities representing agriculture and fisheries
as to where such research should take place. But as the mortality in the fish farms continuously rose during the 1980s the industry seized the initiative to combat the diseases, while emphasising the need for the different research communities to collaborate in order to find solutions to these severe problems. Through the research 
Technology
Process development and equipment-relevant problems for the fish farmers concerned the selection of specific species most suitable for farming, finding locations, deciding what density of population that ought to be maintained, when and how to feed, etc.
With regard to equipment, closing nets had to be constructed and anchored adequately, to make them resist strong winds, to keep salmon from escaping, etc.
( Aslesen et al. 2002) .
The first net cages used in aquaculture were based on homemade technology using wood as material, and fish farming was carried out near to the coastline. In order to carry out farming in deeper seawater, stronger net cages were needed, along with automatic feeding, feed control etc. 
Education and the knowledge infrastructure
Compared to other salmon producing countries, Norway was quick to build educational establishments supporting the industry. In 1994, reforms were carried out Although formal training and educational attainment for the aquaculture industry's workforce are fairly high, the industry itself invests only modestly in training.
Attitudes towards qualified labour in the seafood industry were studied by Reve and industries, only trading companies put less weight on skills upgrading than firms working in the seafood industry. In aquaculture 30% of the firms do not have a strategy for skills upgrading.
It is said that research was a net-receiver of knowledge from the fisheries sector up 
Governance
Historically the regulation of aquaculture has played an important role in the development of Norwegian aquaculture (Jakobsen et al. 2003) . As the industry has grown in importance so has the governance of the industry. The aquaculture industry has benefited from an active Norwegian regional policy, a policy that has sought to sustain communities in sparsely populated areas in Norway and an infrastructure along the coastline that is unique compared to the competing countries (Jakobsen et al. 2003) . These circumstances have been made possible due to the strong position peripheral areas have had in Norwegian Society Formation (op. cit.).
The governance process related to aquaculture during the 1970s is described as an "Regional policy hegemony" (Berge 2002) , and the development of fish farming policy can be said to be path dependent with relation to the foundations laid in the 1970s. The influence of these foundations, however, has not prevented considerable changes in governance and the regional effects of policy (Jakobsen et al. 2003) . As political attention towards the industry has grown during the last years, the development of the framework conditions of the industry has been affected.
Norwegian public administration of aquaculture is built on the Aquaculture Act imagine that the industry's modest profitability, combined with these prices for concessions, will make it possible for young people to be able to finance new
concessions. An important reason for establishing the requirement for a license for fish farming was the wish to have local control with the industry.
The geography and horizontal and vertical integration in the sector
The aquaculture sector has become an important industry for the coastal areas of [FIGURE 1 ABOUT HERE]
As can be seen from the figure above, while the 10 largest companies in 1990
accounted for 8% of total production, the share in 2001 was 46%. The curve is especially steep from 1991 to 1992, a period with many bankruptcies in fish farming (Jakobsen et al. 2003 ).
This increased horizontal integration in the salmon farming industry can also be linked to the considerable production and price risk that is characteristic of the industry. The production period from release of salmon fingerlings to harvest is typically 12-18 months, a period in which the fish are exposed to diseases, temperature changes and extreme weather conditions (Tveterås and Kvaløy 2004:12) .
The prices of salmon also can change significantly in the same period.
Recent years also have seen increased vertical coordination in the supply chain for salmon to Europe, reflecting growth of large horizontally and vertically integrated companies with direct ownership of production hatcheries, fish processing and export operations (op. cit.:4). This industrial structure resembles the most industrialized value chain in agriculture; nevertheless, the salmon supply chain has some idiosyncrasies that distinguish it from the typical manufacturing supply chain. Fish are more perishable and unpredictable, which means that larger investments and higher degree of coordination in the supply chain is necessary to preserve product quality and increase shelf life. It also is more costly to monitor external inputs in the production process and the supply chain is between countries (op. cit.:8). The figure   below gives an overview of the core activities linked to fish farming, including estimates on the contribution to total value added of each step of the value chain.
[ The product palette in the export business has changed over the last few years. Due to the large-scale horizontal integration among the salmon producers, the firms have taken over sales and distribution functions that were previously provided by intermediaries (Tveterås and Kvaløy 2004:19) . As such a diminishing share of the primary products goes through traditional distribution channels and wholesales dealers. Simultaneously, the downstream end of the value chain consists of larger actors that optimise distribution of seafood through strategic value chain collaboration. This means that the actors, especially those in retail, reduce costs by building long-term relations with one or a few suppliers of fish -suppliers that can meet stringent demands with concern to volume and timing, raw material attributes, product range and differentiation, production process and transactions costs.
According to Tveterås and Kvaløy (2004) , this vertical coordination of the supply chain -from salmon aquaculture production to the supermarkets -is a relatively recent phenomenon in Norway.
There has been a tremendous growth among many of the largest fish farmers in Norway, has stagnated. According to Tveterås and Kvaløy (2004:23) one cannot say that the larger firms are more cost efficient than smaller firms and it has been argued that a biological production such as salmon farming requires motivated workers and managers with an economic stake in the production outcome (Tveterås 1999) . The economic results of the consolidation processes in the industry are still to be seen. In 2005 the value of the exported fish and fish products from Norway was 32 billion NOK of which 17 billion came from wild catches and 15 billion from aquaculture of salmonids (Olafsen et al. 2006) . Norway is mainly an exporter of "primary" fish products; which is fresh round or filleted fish. In 2002, 78 per cent of Norwegian exports were head-on gutted fish whereas 80 per cent of Chilean exports were fillets (Tveterås 2004 ). This is due to several factors among which relate to traditions, trade barriers (high tariffs) for processed products, and high labour costs.
The industry is very export-oriented and very cyclical, the export ratios varying within the year and between years. It is only oil and gas and "other means of transport" that has more variation in export . In comparison the export value of the Norwegian petroleum sector was 346 billion NOK in 2005 (crude oil, natural gas, suppliers etc.) or 10 times more than the export value of fish and fish products (Olafsen et al. 2006 ). [
TABLE 1 ABOUT HERE]
The responses to interviews with Norwegian aquaculture firms with activities abroad (Aslesen et al. 2002) suggest that Norwegian companies find that operating globally is important for their activity. During a certain period in time it was expensive to expand and to buy up activity in the Norwegian market compared to buying up facilities in other countries. Being established in other salmon producing countries has given the firms proximity and flexibility in the most important markets for salmon. The companies are of the opinion that operating in leading foreign markets (in i.e.
Scotland -EU, Canada -North America) reduces the risk in case of trade barriers.
Establishment abroad comes therefore in as a strategy for risk reduction (i.e. if outbreak of diseases among the fish in certain localities). Facilities abroad also lower logistics costs and increase flexibility in production, improving Norwegian firms' delivery performance in these markets.
Innovation strategies and the organisation of aquaculture firms
In studies of innovation systems one point of departure is to investigate how learning is achieved through interaction with others -so-called interactive learning. As such the knowledge base of the firm is one of the most important background variables to understand innovation strategies. By understanding the structure of the knowledge base, we may also gain insight into the types of interactive learning processes that may be observed empirically, for instance through a mapping of innovations madeand not least -if there are recognizable patterns in the sense that there are specific types of innovations that actually do not happen.
The analysis is based on 25 in-depth interviews with actors in the aquaculture industry (Aslesen et al. 2002; Aslesen 2004 ). The interviews were based on semi-structured guides developed in the two projects, focusing especially on innovation activities, innovation collaboration, networks and innovation strategies. The main aim of the interviews were to understand how new knowledge is created, used and spread in the innovation system. Based on these interviews we found it reasonable to distinguish between two different strategic approaches among aquaculture firms:
1) A large number of firms base their activities, and the development and gradual improvement of these activities, almost exclusively on practical knowledge.
Learning happens by experimenting, and the knowledge base underlying innovation activities is to a large degree tacit. Knowledge is gained through experience generated by effective operations through practical solutions based on accessible practical and tacit knowledge in the field of aquaculture. We here denote such a knowledge base a practical knowledge base.
2) Another significant number of firms base their innovation efforts by interacting with and contributing to a system of scientific knowledge. The learning in these firms is based on interactive development and the use of new scientific or technological knowledge and can as such be denoted as formal knowledge involving both scientific and technological knowledge.
In our extensive empirical research, we have seen that firms are not placed in a continuum between the two alternative approaches to innovation, but that there is a 2) "The coastal enterprise"
"The coastal enterprise" has developed beyond the ad-hoc organisation of the family firm to a more mature, permanent operational phase. The firm has developed a more professional and functionally differentiated organisation, with permanent management. The "coastal enterprise" seeks to exploit advantages of both horizontal integration (mergers with other fish farms) and vertical coordination down the value chain. The "coastal enterprise" represents a shift from the organisation adopted from traditional fisheries (found among "the family firm"), towards a model of a more industrialized value chain found in manufacturing, although these organizations still have a long way to go.
Several of the "coastal enterprises" pursue a strikingly "anti-innovation" strategy. We are told explicitly that they do not, and do not plan to, carry out any research and development, and they systematically avoid being in front with regards to new technologies and solutions. Most innovation thus takes place in the same manner as among the family firms, basically through copying and through trial and error. The "anti-intellectual" characteristic of this culture seems to have been only reinforced by the increasing pressures towards increased efficiency and adjustment to lower prices, during which administrative capacity has been regarded as a luxury that is a lower priority.
[BOX 2 ABOUT HERE]
In spite of these anti-intellectual and anti-innovative strategies, the coastal enterprises must engage in innovation to some extent. Pressures towards innovation in the "coastal enterprise" stem from the operational side, and, as in the family firm, often result from interaction with the suppliers of equipment. Innovations take place by employing new equipment, new feeds, etc., and at times, the risks associated with possible failure are shared with the suppliers. The interviews indicated that these firms' innovation activity also relied on finance from RCN's user driven projects.
Innovation Norway was used by several of the interviewed firms as an important contributor to innovation in the firms, both for direct investment support and for "softer" inputs of importance to innovation, such as different types of business courses and training. One of the interviewed firms had also received public money for the marketing of their products abroad.
Important parts of the knowledge infrastructure are still not integrated in the "coastal enterprises" innovation efforts, raising challenges to these organizations' long-run viability. A strategy of vertical coordination puts pressure on these firms that increases the need for long-term, strategic innovation projects (i.e. buyers demand for high quality attributes, raw material in feeds).
3) "Research based entrepreneurs" -profiting from being in front
The focus of this class of aquaculture firm has moved away from operational aspects to scientific and technological knowledge development. These firms' rely on knowledge generation, coupling diverse forms of knowledge and including knowledge development developments in the frontiers of scientific research.
Operational aspects of aquaculture may actually be irrelevant to such firms, and are "Research-based entrepreneurs" pursue innovations of a more radical nature (products or processes that are new or have been significantly improved, and/or also novelties in the market) since "new" knowledge is the driving force of the firms investments/business activities. The projects are often long lasting, and interviews suggested that many research based entrepreneurs utilized public or semi-public
Regional Technology Offices for the purpose of obtaining co-financing of projects.
4) "Science based process industry"
Increased demand for quality, reliability, and safety in fish and shellfish raised through has become an important source of pressure on innovation in recent years.
Demands concerning food safety and traceability are growing stronger, and together with regulatory changes have directed innovation activity in specific directions.
Important challenge for aquaculture firms include the establishment of high-quality and stable channels of access to the market, in order to be able to understand, The discussion above reveals that the sectoral innovation system of aquaculture firms is heterogeneous. The degree to which firms are able to move beyond interactive learning in practical day-to-day operations depends on, among other things, the composition of their key knowledge base, their organisational structures, their size, and their maturity. That is to say, companies in the aquaculture industry relate in different ways to sources of knowledge in their surroundings. We have seen how firms can be described as ideal types, and we have seen how different firm types vary systematically with respect to their approach to innovation. In the table below, we point out the key barriers to innovation in aquaculture firms.
[ TABLE 3 ABOUT HERE]
The firms in type 1 (the family firm) have not developed a clear strategy in relation to their development activity in Norway or in the other countries in which they are operating. The individual companies are left to their own devices, and this category of aquaculture firms will face the greatest challenges in the coming years.
The main strategy of a number of the firms in the coastal enterprise (type 2) is to make use of existing knowledge, so-called best practices, and disseminate such knowledge as soon as possible among the different production units in order to improve process innovation. There is no strategy to pursue independent research through establishing research and development units or institutions in this type of firms. However, the companies are continuously evaluating new knowledge and promptly implement relevant -proven -technology.
The research based entrepreneurial companies (type 3) are characterised by having control over parts of the value chain that require continuous R&D activity. They are closely connected to the scientific research infrastructure, and an interesting question for these firms concerns their ability to develop into larger organisations with sustainable value creation activities.
Firms of type 4 are uncommon in Norwegian aquaculture today. This is not only because the number of large firms is limited, but also because some of the large companies actually are structures where a "holding company" controls the operations of many small operations that continue to operate much in the same way as they have done before. It appears that the main impetus to create integrated operations in which heterogeneous knowledge and scientific knowledge are relevant at all stages in the value chain, from microbiology to marketing, comes from international firms establishing themselves in the aquaculture industry by way of acquisitions.
In general, many aquaculture firms do not possess the ability to establish, on their own, a basis for scientific competence to underpin their own activities. The causes of this are linked to falling prices and other crises, which have driven the firms into a efficiency trap in which the focus of the firms activities have been on operational effectiveness and learning by trial and error, rather than long-term science-based knowledge development. Aquaculture firms nowadays tend to use suppliers to gain access to knowledge. Suppliers of feeds, medicines, roe and fry are important sources of new products and processes coming into the industry. The knowledge of these suppliers is to a greater extent embedded in the products they deliver. Aquaculture firms seldom participate in cooperative projects in which the core knowledge of the product is in focus.
Knowledge acquisition thus is peripheral to the firms' main line of activity and depends on suppliers and in the research community. In this way, suppliers function as "translators" of knowledge between the suppliers of analytical knowledge (R&D institutions, universities) and aquaculture industry; thus they are a compulsory "check point" on which the aquaculture companies depend in order to gain access to knowledge.
Measures to improve the Norwegian aquaculture industry's innovative ability should be directed at stimulating firms to expand their strategic and analytic knowledge base, in order to enable them to gain a better understanding of the uses of research as a tool for product-and process development to meet future market demands. This entails an effort among firms to develop their own "innovation systems" and their own knowledge bases.
1 The empirical work underlying the paper was undertaken within the framework of two different projects focussing on innovation practices and the business system in Norwegian aquaculture. A project focussing on the innovation system in aquaculture was particularly important. 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 Source: Jakobsen et al. 2003 Figure 2. Entrepreneurial, ad-hoc 1)"The family firm" 3) "Research based entrepreneurs"
Structured management system
2)"The coastal enterprise" 4) "Science based process industry" The firm has also acted as a test site for equipment developed by a local entrepreneur that gathers dead fish and feed spillovers and provides information that supports optimal feeding of the fish. As such the firm has engaged in an innovation project without bearing the financial burden or the entirety of the risk.
Box: 2. Example of an innovation in a "coastal enterprise"
A firm had taken part in a development project with a local supplier of technology. The collaboration ended in an innovation that makes it easier to change the fishing net in the net cages and as such gives a better environment in the net cages. The use of the so-called "Environment drum" means that fish farmers do not need to impregnate the fishing net as frequent as before. This has both an economic and environmental benefit. Firms interviewed indicated that one of the aims of the project was to make the drum fully automated. This product is today commercialized, suggesting a successful innovation.
Box: 3. Example of an innovation in a "research based entrepreneur"
This firm has close collaboration with both fish farmer and the most important national and international aquaculture related research institutes and universities. Innovations in this firm include developing breeding schemes to create fish that are the most resistant to diseases. The firm also has innovation projects taking into use DNA technology in order to use paternity tests on fish. Simultaneously the firm had started a breeding scheme for cod.
